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(54) [Title Of the Invention] MOVING OBJECT IDENTIFICATION 
METHOD 

(57) [Abstract] 

[Object] To surely and promptly identify multiple moving 
objects in a coverage area of an interrogator, and additionally 
to simplify a necessary hardware configuration. 
[Structure] An interrogator repeatedly transmits, to each of 
transponders A and B in a coverage area of the interrogator, 
a slot consisting of an unmodulated carrier wave and a timing 
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signal which includes a transponder recognition signal. Then, 
upon receiving the timing signal from the interrogator in a 
period Tl, the transponder A determines the number of slots to 
be skipped, in accordance with random numbers in a period T2 . 
Then, in an unmodulated-wave reception period T8 after the 
thus-determined number of slots are skipped, the transponder 
A transmits an IDl signal of the transponder A, as a response 
signal to the interrogator. Then, upon receiving the response 
signal from the transponder A, the interrogator identifies the 
transponder A, and transmits, to the transponder A, a timing 
signal including the IDl signal. Upon receiving the IDl signal 
from the interrogator, the transponder A determines that the 
interrogator recognized itself, and thereafter the transponder 
A becomes inactive. 
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[Scope of Claim] 
[Claim 1] 

A moving object identification method, including: 
a plurality of transponders respectively attached to a 
plurality of moving objects; and 

an interrogator which transmits a desired signal to each 
of the transponders that are in a coverage area of the 
interrogator so as to identify the moving objects in accordance 
with respective response signals from the transponders, the 
method characterized in that, 

when there are a plurality of aforementioned transponders 
in the coverage area of the interrogator, 

the interrogator repeatedly transmits, to each of 
the transponders in the coverage area of the interrogator, a 
slot including an unmodulated carrier wave and a timing signal 
which includes a transponder recognition signal, 

upon receiving the timing signal from the 
interrogator, each of the transponders in the coverage area of 
the interrogator determines the number of slots to be skipped, 
in accordance with random numbers, 

in an unmodulated-wave reception period after the 
thus-determined number of slots are skipped, each of the 
transponders in the coverage area of the interrogator transmits 
identification information thereof, as a response signal to the 
interrogator, 

upon receiving the response signal from each of the 
transponders, the interrogator identifies the moving objects, 
and transmits, to each of the transponders corresponding to the 
respective moving objects, a timing signal including a 
recognition signal of the corresponding transponder, and 

upon receiving the transponder recognition signal 
from the interrogator, each of the corresponding transponders 
completes a response to the interrogator. 
[Detailed Description of the Invention] 
[0001] 

[Field of the Industrial Application] 
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The present invention relates to a moving object 
identification method. In the moving object identification 
method, a transponder is attached to each of moving objects such 
as, for example, persons, automobiles and goods, and when the 
moving object moves to cause the transponder to enter a coverage 
area of an interrogator, the transponder and the interrogator 
transmit and receive signals between each other, so that the 
moving object is identified. 
[0002] 
[Prior Art] 

In a technique for identifying moving objects that is 
recently being applied in various fields, wireless tags called 
transponders are respectively attached to persons, goods, 
automobiles or the like, and a transmitting and receiving device 
called an interrogator is employed to transmit and receive 
signals to and from the transponders so that the moving objects 
can be identified. 
[0003] 

For example, applications of this technique include an 
automatic reader for commuter passes each made of a wireless 
card, in a ticket gate of a railroad, as well as an automatic 
toll collection system in which wireless cards are used, in an 
expressway. Moreover, this technique has also been applied in 
logistics businesses and the like, as an alternative technique 
to an existing recognition technique based on a bar-code system. 
Furthermore, there are great expectations to develop a 
sophisticated moving object identification device, as an 
elemental technique for establishing systems including a more 
advanced logistics system, a more advanced stock management 
system, and even a totally new checkout system in which 
registration and checkout of commercial goods are automated. 
[0004] 

Such a movement identification device having 
possibilities of various applications that are being discussed 
needs to utilize a technology of recognizing, when there are 
multiple aforementioned transponders in a coverage area of the 
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interrogator, all these transponders in a short time. 
[0005] 

For example, as shown in Fig. 6, multiple moving objects 
3, 3, such as baggage and the like, are conveyed in a direction 
of the arrow in Fig. 6 with a belt conveyor 1. Here, each of 
the moving objects 3 is equipped with a transponder 2 as a tag. 
Meanwhile, an interrogator 4 is placed outside and in the 
vicinity of the belt conveyor 1, and the interrogator 4 is 
connected to a host computer 5. The interrogator 4 transmits 
and receives signals to and from the transponder 2 of each of 
the moving objects 3 that are in a coverage area 6 of the 
interrogator 4, and thereby recognizes the transponders 2 to 
identify the moving objects 3. Thereafter, the interrogator 

4 notifies the host computer 5 of the identification result. 
[0006] 

In such a system, when the moving objects 3 that are 
conveyed the belt conveyer 1 are placed in random positions, 
multiple moving objects 3 are likely to lie in the coverage area 
6 of the interrogator 4. Under such a condition, when the 
transponders 2 in the coverage area 6 of the interrogator 4 
simultaneously respond, this causes interference of signals, 
which makes it impossible for the interrogator 4 to identify 
the moving objects 3. 
[0007] 

To address the aforementioned problem, the EP0494114A2 
(Publication number) publication discloses a reading technique 
applicable to a case where there are multiple transponders at 
the same time in a coverage area of an interrogator. In Fig. 

5 of the publication, a timing chart shown in Fig. 7 is disclosed 
concerning a case in which the interrogator reads three 
transponders . 

[0008] 

In Fig. 7, (a) denotes signals of the interrogator, (b) 
to (d) denote response signals from the respective transponders, 
(e) to (g) denote response enable signals from the respective 
transponders, (h) denotes signals that the interrogator outputs 
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upon receiving effective data from any of the transponders (upon 

recognizing any of the transponders) . 

[0009] 

When each response enable signal is at a low level, it 
indicates that the corresponding transponder should stop the 
response. In addition, when the response from the transponder 
ends, the response enable signal becomes a low level. 
[0010] 

In this example, the interrogator reads three 
transponders, so that the interrogator outputs three (h) 
signals at different timings. Immediately after outputting 
each of these signals, the interrogator sets the (a) signal at 
a low level for a short time and sends, to the corresponding 
transponder, a sign (ACK) indicating that the interrogator 
completes the recognition of the transponder. Upon receiving 
the ACK, the transponder sets an enable signal at a low level 
so as to stop the response. 
[0011] 

Moreover, although the response signals from the 
transponders are temporally overlapped in the first 
transmission, the response signals are temporally shifted from 
one another in the second round of repetitive transmission. In 
other words, the transponders have different repetition periods 
of responses. This is because each transponder randomly 
determines the length of the repetition period. However, once 
randomly determining the repetition time, each transponder 
transmits the response signals constantly and repeatedly in the 
thus-determined repetition periods till the interrogator 
completes the reading of the transponder. As described above, 
the reading technigue prevents collision of responses by 
causing the length of a repetition period of a transponder to 
differ from one transponder to another. 
[0012] 

What is disclosed in the EP0494114A2 publication as 
described above will be summarized as follows. 
[0013] 
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Each transponder that is activated by an interrogation 
signal randomly determines a repetition time length. Then, 
while repeatedly transmitting a response in the thus-determined 
periods, the transponder checks whether or not an interrogation 
signal transmitted to itself changes. Immediately after 
recognizing the transponder, the interrogator stops 
transmitting interrogation signals for a moment. This causes 
the transponder to be informed that the interrogator has 
recognized the transponder itself. In response, the 
transponder sets a response enable signal at a low level so as 
to stop the response. 
[0014] 

The series of steps described above are performed until 
each transponder has passed over the reading area, that is, 
while interrogation signals are kept outputted. 
[0015] 

[Problems to be Solved by the Invention] 

As in the case of the EP0494114A2 publication, some 
transponders may possibly have the same repetition period that 
is randomly generated at the beginning, or may possibly have 
partially overlapping repetition periods. In these cases, 
responses from the transponders are likely to frequently 
collide with one another while transponders are being readout. 
This means that benefits of randomly generating delay time is 
not taken advantage of at all. To improve this situation, a 
delay time needs to be set longer along with the increased number 
of transponders, thereby minimizing the probability of 
collisions . This means that insignificant time that is not used 
for the primary purpose, that is, communication has to be 
provided more . 
[0016] 

Moreover, the conventional technique employs a method in 
which the interrogator stops transmitting interrogation 
signals for a moment, when transmitting back an ACK immediately 
after recognizing any of the transponders. Accordingly, when 
noise or multipath blocks an interrogation signal, a 
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transponder to receive the interrogation signal is guite likely 
to recognize this phenomenon as the fact that an ACK is 
transmitted, so that system malfunction can occur. 
[0017] 

In view of such circumstances, the present invention 
provides a moving object identification method that makes it 
possible to surely and promptly identify multiple moving 
objects in a coverage area of an interrogator, and to simplify 
a necessary hardware configuration. 
[0018] 

[Means and Operation for Solving the Problems] 

An invention according to claim 1 includes: a plurality 
of transponders respectively attached to a plurality of moving 
objects; an interrogator which transmits a desired signal to 
each of the transponders that are in a coverage area of the 
interrogator so as to identify the moving objects in accordance 
with respective response signals from the transponders. When 
there are a plurality of aforementioned transponders in the 
coverage area of the interrogator, the interrogator repeatedly 
transmits, to each of the transponders in the coverage area of 
the interrogator, a slot consisting of an unmodulated carrier 
wave and a timing signal which includes a transponder 
recognition signal. Then, upon receiving the timing signal 
from the interrogator, each of the transponders in the coverage 
area of the interrogator determines the number of slots to be 
skipped, in accordance with random numbers . Then, in an 
unmodulated-wave reception period, after the thus-determined 
number of slots are skipped, each of the transponders in the 
coverage area of the interrogator transmits identification 
information thereof, as a response signal to the interrogator. 
Then, upon receiving the response signal from each of the 
transponders, the interrogator identifies the moving objects, 
and transmits, to each of the transponders, a timing signal 
including a recognition signal of the transponder. Lastly, 
upon receiving the transponder recognition signal from the 
interrogator, each of the corresponding transponders completes 
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a response to the interrogator. 
[0019] 

[Embodiment] 

Hereinafter, an embodiment of the present invention will 
be described in reference to drawings. 
[0020] 

Fig. 1 is a diagram showing transmission and reception 
timings between an interrogator and transponders A and B in a 
case where there are two moving objects respectively eguipped 
with the transponders in a coverage area of the interrogator. 
As shown in Fig. 1 (a), the interrogator alternately transmits 
a timing signal (shown as a shaded region in Fig. 1 (a)) and 
an unmodulated carrier wave . Here, each timing signal includes 
a transponder recognition ID (identification) signal. 
[0021] 

When the transponder A has entered the coverage area of 
the interrogator, the transponder A receives the signal from 
the interrogator. When the transponder A in the coverage area 
sends a response back to the interrogator, it modulates an 
unmodulated signal thus received from the interrogator, and 
then transmits the thus-modulated signal back, as a reflective 
modulation. Specifically, upon receiving a timing signal, the 
transponder A determines the number of slots to be skipped, by 
using random numbers in the subseguent unmodulated-wave 
reception period, and sends a response back in a slot after 
skipping the thus-determined number of slots. 
[0022] 

Upon receiving a timing signal from the interrogator in 
a period Tl, the transponder A shown in Fig. 1 (b) determines 
the number of slots to be skipped (hereinafter referred to as 
skip number), by using random numbers in the subseguent 
unmodulated-wave reception period T2 . Here, the transponder 
A determines that the skip number is "2." Accordingly, after 
skipping 2 slots, the transponder A transmits, back to the 
interrogator as a response signal, an IDl signal that is an 
identification signal of the transponder A, in an 
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unmodulated-wave reception period T8 of the third slot after 

receiving the timing signal. 

[0023] 

Upon recognizing the ID1, the interrogator transmits, as 
a transponder recognition ID signal, the IDl to the transponder 
A in the next timing-signal transmission period T9 . 
Accordingly, the transponder A is informed that the 
interrogator recognized itself, and thereafter the transponder 
A becomes inactive. 
[0024] 

The transponder B shown in Fig. 1 (c) is assumed to enter 
the coverage area of the interrogator later. Upon receiving 
a timing signal from the interrogator in a period T3, the 
transponder B determines a skip number, by using random numbers 
in the subseguent unmodulated-wave reception period T4 . Here, 
the transponder B determines that the skip number is "3." 
Accordingly, after skipping 3 slots, the transponder B 
transmits, back to the interrogator as a response signal, an 
ID2 signal that is an identification signal of the transponder 
B, in an unmodulated-wave reception period T12 of the fourth 
slot after receiving the timing signal. 
[0025] 

Here, if the interrogator cannot recognize the ID2 signal 
for some reasons such as collision of data or an error, the 
transponder B does not receive the ID2, as a transponder 
recognition ID signal, from the interrogator in a period T13 . 
Accordingly, the transponder B determines a skip number again, 
by using random numbers in the subseguent period T14. 
[0026] 

Fig. 2 shows a format of a timing signal transmitted from 
the interrogator to each transponder. This timing signal 
consists of: a synchronization bit for synchronizing signals; 
a specific pattern for giving the transponder a slot timing (the 
transponder detects this specific pattern to derive a timing) ; 
and a transponder recognition ID bit in which, if the 
interrogator recognizes any transponder, the ID of the 
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recognized transponder is set . In addition, an error detection 
bit is added to the format if necessary. 
[0027] 

As shown in Fig. 3, each of the transponders includes a 
power supply and clock generation unit 11, a wave detection unit 
12, a modulation unit 13, a timing-pattern and ID detection unit 
14, a skip number determination unit 15, a controller 16, an 
IDROM 17, a comparator 18, and an antenna 19. The power supply 
and clock generation unit 11 consists of a diode 1, a capacitor 
2, a regulator 3, a clock generator 4 and the like. The wave 
detection unit 12 consists of a diode 5, a capacitor 6, a 
comparator 7 and the like. The modulation unit 13 consists of 
a modulator 8 and a deactivator 9. The IDROM 17 stores IDs 
therein . 
[0028] 

Each transponder with the above configuration supplies 
part of electric wave received through the antenna 19 to the 
power supply and clock generation unit 11, thereby utilizing 
the part of the electric wave as a system power . Moreover, the 
transponder supplies the rest of the electric wave to the wave 
detection unit 12 to reproduce signals. 
[0029] 

The thus-reproduced signal from the wave detection unit 
12 is inputted to the timing-pattern and ID detection unit 14. 
[0030] 

The timing-pattern and ID detection unit 14 detects a slot 
timing by detecting a specific timing pattern in the reproduced 
signal. Moreover, when the timing-pattern and ID detection 
unit 14 detects a timing pattern for the first time, the 
timing-pattern and ID detection unit 14 makes the skip number 
determination unit 15 determine a skip number, by using random 
numbers, and to supply, to the controller 16, the 
thus-determined skip number. 
[0031] 

The controller 16 counts the number of timing patterns 
detected by the timing-pattern and ID detection unit 14 and 
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transmits an ID signal when the number of the timing patterns 
reaches the skip number that is supplied by the skip number 
determination unit 15. 
[0032] 

Initially, the deactivator 9 is switched on, and thus the 
modulator 8 modulates the ID signal from the controller 16, 
which is the unmodulated wave from the interrogator, and 
thereafter transmits the thus-modulated signal to the 
interrogator through the antenna 19. 
[0033] 

Moreover, the timing-pattern and ID detection unit 14 
also detects an ID in the reproduced ID signal, and supplies 
the ID to the comparator 18. Incidentally, the ID of the 
transponder is inputted to its own comparator 18 by its own 
aforementioned IDROM. When the comparator 18 detects that its 
own ID is identical to the ID supplied by the timing-pattern 
and ID detection unit 14, the comparator 18 switches off the 
deactivator 9 and thereby completes the response to the 
interrogator. In other words, the transponder becomes 
inactive . 
[0034] 

Fig. 4 is a flowchart showing an operation control of each 
of the transponders as described above. Note that the system 
power and the clock supplied by the power supply and the clock 
generation unit 11 are used by the entire transponder. 
[0035] 

As shown in Fig. 5, the interrogator consists of a 
transmission and modulation system, a reception and 
demodulation system, a control system, and a communication I/F . 
[0036] 

Specifically, in the interrogator, a PLL (phase-locked 
loop) setting unit 21, a PLL synthesizer 22, and a voltage 
controlled oscillator (VCO) 23 generate high-f reguency carrier 
wave, and a modulator 24 modulates the high-f reguency carrier 
wave by using an ASK. More specifically, the modulator 24 
modulates data of signals including a timing signal and a 
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transponder recognition ID. A CPU (central processing unit) 
25 reads the data from a storage device 35, and thereafter 
supplies the data to the modulator 24 through an internal 
communications control unit 26a of a serial communications 
controller 26 . 
[0037] 

The signal modulated by the modulator 24 is transmitted 
through a transmission antenna 28 after being amplified by a 
power amplifier 27. 
[0038] 

On the other hand, the electric wave reflected from the 
aforementioned transponder is received through a reception 
antenna 29, then amplified by a low-noise amplifier 30, and 
thereafter inputted to a synchronous detector 31. 
[0039] 

The synchronous detector 31 synchronously detects a 
received signal using carrier wave obtained as an output from 
the voltage controlled oscillator 23 in the transmission system, 
The signal detected by the synchronous detector 31 is inputted 
to a binarization circuit 33 through a low-pass filter 32, 
thereby converted into a binary signal, that is, a digital 
signal . 
[0040] 

The digital signal is inputted from the binarization 
circuit 33 to a demodulated data processing unit 34. The 
demodulated data processing unit 34 determines whether or not 
the digital signal is a normal transmission signal. If the 
digital signal is a normal transmission signal, the demodulated 
data processing unit 34 supplies the digital signal to the CPU 
25 through the internal communications control unit 26a of the 
serial communications controller 26. 
[0041] 

Note that the serial communications controllers 26 
includes an external communications control unit 26b, and thus 
also has a function to communicate with an external eguipment 
such as a host computer through an external I/F. 
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[0042] 

In the embodiment of the aforementioned configuration, 
when a moving object eguipped with the transponder A enters the 
coverage area of the interrogator, the transponder A receives 
a timing signal from the interrogator. Then, the transponder 
A causes its skip number determination unit 15 to determine the 
number of slots to be skipped, for example, "2, " by using random 
numbers in the subseguent an unmodulated-carrier-wave 
reception period. 
[0043] 

Thereafter, the controller 16 counts the number of timing 
patterns. When another moving object eguipped with the 
different transponder B enters the coverage area of the 
interrogator before the controller 16 of the transponder A 
finishes counting the number of timing patterns corresponding 
to the skip number of the transponder A, the transponder B 
receives a timing signal from the interrogator. Then, the 
transponder B causes its skip number determination unit 15 to 
determine the number of slots to be skipped, for example, "3," 
by using random numbers in the subsequent 
unmodulated-carrier-wave reception period. 
[0044] 

Then, when the controller 16 of the transponder A finishes 
counting the number of timing patterns corresponding to the skip 
number "2" for the transponder A, the transponder A modulates 
an unmodulated carrier wave in the next slot with its own ID 
signal, and then transmits the thus-modulated signal to the 
interrogator as a response signal. 
[0045] 

Upon receiving the ID signal from the transponder A, the 
interrogator recognizes the transponder A, and accordingly 
transmits a timing signal including a transponder recognition 
ID signal of the transponder A. Upon receiving the signal, the 
transponder A causes its comparator 18 to compare the ID of the 
transponder recognition ID signal with an ID preset for the 
transponder A itself, and, as a result, detects that the IDs 
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are identical. In response, the transponder A switches off its 
deactivator 9 so as to become inactive. 
[0046] 

Then, when the controller 16 of the transponder B finishes 
counting the number of timing patterns corresponding to the skip 
number "3" for the transponder B this time, the transponder B 
modulates an unmodulated carrier wave in the next slot with its 
own ID signal, and then transmits the thus-modulated signal to 
the interrogator as a response signal. 
[0047] 

Here, if the interrogator cannot recognize the response 
signal, the transponder B uses the subseguent 
unmodulated-carrier-wave reception period to determine the 
number of slots to be skipped in accordance with random numbers 
again . 
[0048] 

Then, when the controller 16 of the transponder B finishes 
counting the number of timing patterns corresponding to the skip 
number, the transponder B modulates an unmodulated carrier wave 
in the next slot with its own ID signal, and then transmits the 
thus-modulated signal to the interrogator as a response signal. 
[0049] 

Then, when the response signal causes the interrogator 
to recognize the transponder B, the interrogator transmits a 
timing signal including a transponder recognition ID signal of 
the transponder B. Upon receiving the signal, the transponder 
B causes its comparator 18 to compare the ID of the transponder 
recognition ID signal with an ID preset for the transponder B 
itself, and, as a result, detects that the IDs are identical. 
In response, the transponder B switches off its deactivator 9 
so as to be made inactive. 
[0050] 

As described above, according to the embodiment of the 
present invention, the interrogator carries out a time-slot 
control, so that each transponder need not carry out the 
time-slot control. This allows each transponder to have 
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relatively simple hardware configuration, thereby reducing the 

cost of the transponder. 

[0051] 

Moreover, each transponder determines that the 
transponder itself has been detected by the interrogator, by 
detecting that the ID of a transponder recognition ID signal 
included in a timing signal is identical to the ID preset for 
the transponder itself. This allows each transponder to be 
reliably informed that the interrogator detects the transponder 
itself without being affected by any noise and multipath. 
[0052] 

Moreover, even if a certain one of the transponders 
transmits its ID signal to the interrogator only to fail to cause 
the interrogator to recognize the transponder itself, the 
transponder sets a skip number in accordance with random numbers, 
and thereafter transmits its ID signal again. Accordingly, 
even though transmission collision of IDs occurs under a 
condition where there are a large number of transponders in a 
coverage area of an interrogator, each of the ID signals can 
avoid such collision at the next transmission. This eliminates 
the need to set a delay time longer as a measure to handle a 
large number of transponders, and enables the interrogator to 
promptly recognize each transmitter. 
[0053] 

[Effects of the Invention] 

As described above, according to the present invention, 
moving object identification is performed as follows. Firstly, 
the interrogator repeatedly transmits, to each of the 
transponders in the coverage area of the interrogator, a slot 
consisting of an unmodulated carrier wave and a timing signal 
which includes a transponder recognition signal. Next, upon 
receiving the timing signal from the interrogator, each of the 
transponders in the coverage area of the interrogator 
determines the number of slots to be skipped, in accordance with 
random numbers. Then, in an unmodulated-wave reception period 
after the thus-determined number of slots are skipped, each of 
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the transponders in the coverage area of the interrogator 
transmits identification information thereof, as a response 
signal to the interrogator. Then, upon receiving the response 
signal from each of the transponders, the interrogator 
identifies the moving objects, and transmits, to each of the 
transponders corresponding to the respective moving objects, 
a timing signal including a recognition signal of the 
corresponding transponder. Lastly, upon receiving the 
transponder recognition signal from the interrogator, each of 
the corresponding transponders determines that it has been 
detected by the interrogator and completes a response to the 
interrogator. Accordingly, the present invention makes it 
possible to surely and promptly identify multiple moving 
objects in the coverage area of the interrogator, and to 
simplify a necessary hardware configuration. 
[Brief Description of the Drawings] 

[Fig. 1] Fig. 1 is a transmission and reception timing diagram 
of a system according to an embodiment of the present invention . 
[Fig. 2] Fig. 2 is a diagram showing a format of a timing signal 
from an interrogator to each transponder according to the 
embodiment . 

[Fig. 3] Fig. 3 is a block diagram showing a circuit 
configuration of each transponder according to the embodiment . 
[Fig. 4] Fig. 4 is a flowchart showing an operation of each 
transponder according to the embodiment . 

[Fig. 5] Fig. 5 is a block diagram showing a circuit 
configuration of the interrogator according to the embodiment. 
[Fig. 6] Fig. 6 is a diagram illustrating a state where there 
are multiple transponders in a coverage area of an interrogator . 
[Fig. 7] Fig. 7 is a timing chart for describing a control 
according to a conventional example. 
[Description of Reference Numerals] 

12 wave detection unit 

13 modulation unit 

14 timing-pattern and ID detection unit 

15 skip number determination unit 
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16 controller 
18 comparator 

25 CPU (central processing unit) 
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